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Gender, age, and body surface area are the major determinants of
ascending aorta dimensions in subjects with apparently normal
echocardiograms
Abstract
BACKGROUND: Limited data have been published on the normal size of the ascending aorta (AA)
measured using transthoracic echocardiography (TTE). METHODS: AA diameters were measured in
1799 patients with normal cardiac findings on TTE and compared with the diameters of the sinus of
Valsalva (SoV). RESULTS: Mean diameters in men and women, respectively, were 3.4 and 3.1 cm for
the SoV and 3.2 and 3.0 cm for the AA. The sizes of the SoV and the AA showed strong correlations
with age, age squared, and body surface area. The 5th and 95th percentile curves for the SoV and AA
showed faster growth of diameters in early adulthood compared with old age. The dimensions of the
SoV were larger than those of the AA (mean differences, 0.19 cm in men and 0.08 cm in women), and
the difference between the SoV and AA was negatively correlated with age. CONCLUSION: The
findings of this study stress the importance of indexing dimensions of the SoV and the AA to age and
body surface area separately for men and women.
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 ABSTRACT 
 
 
Limited data has been published on the normal size of the ascending aorta (AA) measured by 
transthoracic echocardiography (TTE). We analyzed the AA diameter in 1799 patients with 
normal cardiac findings in TTE and compared it to the diameter of the sinus of Valsalva  
(SoV). Mean diameters in men/women were 3.4cm/3.1cm for SoV and 3.2cm/3.0cm for AA. 
The size of the SoV and the AA showed strong correlation with age, square of age and body 
surface area (BSA). The 5th and 95th percentile curves for SoV and AA show a faster growth 
of diameter in early adulthood compared to the old age. The dimensions of the SoV were 
larger than those of the AA (mean difference 0.19 cm in men and 0.08 cm in women), the 
difference between SoV and AA negatively correlated with age. Our findings stress the 
importance of indexing dimensions of the SoV and the AA to age and BSA separately for 
men and women.  
 
Key words: dimension, reference values, ascending aorta, transthoracic echocardiography 
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INTRODUCTION 
 
Dilation of the ascending aorta can lead to life threatening conditions such as dissection or 
rupture, depending mainly on aneurysm size and additional risk factors such as bicuspid valve 
or Marfan’s syndrome. 1-3 It is crucial to monitor patients with a dilated ascending aorta from 
an early stage in order to choose the right moment for surgical repair. 4 The current consensus, 
recommending surgery when the ascending aortic diameter reaches 5.5 cm for non-Marfan  
patients is based on clinical series observed by experienced clinicians and surgeons. 5 This 
recommendation, however, has been challenged by a recent study of patients with aortic type 
A dissection, as 59% of patients had aortic diameter below 5.5cm and 40% of patients even 
had a diameter below 5cm. 6 TTE is an established, rapid, and safe method for monitoring the 
growing aortic root and ascending aorta. 7 Several studies providing reference values for the 
aortic root have been published. 8-11 Yet literature is lacking of large TTE studies defining the 
normal size of the ascending aorta (AA). The aim of this study is to establish reference values 
of the size of the AA measured by TTE in relation to gender, age and body measurements and 
to compare the size of the AA with that of the sinus of Valsalva (SoV).  
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METHODS 
Study sample:  
The Echo lab database at University Hospital of Zurich revealed 64686 inpatients and 
outclinic patients between January 1990 and November 2006 examined by TTE. From the 
database we chose all persons aged 20 or older with normal cardiac findings, including 
patients with any size of SoV and AA. We excluded all persons with non-tricuspid aortic 
valves and patients with proven or suspected connective tissue disease like Marfan’s 
syndrome or Ehlers Dahnlos syndrome.  
 
Measurements: 
Clinical measurements: Body height and weight were obtained from all persons. We 
calculated body surface area (BSA) using the Du Bois formula. 12 Body mass index (BMI) 
was calculated as weight in kilograms divided by height in square meters (kg/m2). 
TTE studies: All echocardiographic studies were performed or reviewed by experienced 
cardiologists. Using commercially available echocardiographs with 2.5 - 4.0 MHz 
transducers, all patients were examined with two-dimensional, M-mode and Color-Doppler 
measurements of cardiac structures according to the guidelines of the American Society of 
Echocardiography (ASE), last published in 2006. 13 The size of the SoV and the AA were 
measured in the left parasternal longitudinal window by two-dimensional guided M-mode. 
We used the leading-edge to leading-edge technique for both SoV and AA according to the 
ASE recommendations, 13,14 yet measurements were done in end systole. The exact sites of 
measurements are shown in Figure 1. The right pulmonary artery was defined as landmark for 
measuring the AA. 
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Statistical analysis 
Pearson correlation has been used to measure the linear relationship among the various 
variables. To model the dependence of a response variable (AA or SoV) on a set of 
explanatory variables (age, the square of age, height, weight, BSA or BMI), we used least 
squares multiple regression. Fourteen different models with at most three explanatory 
variables have been calculated for each AA and SoV. The percentage of explained variance 
R2 was used to compare models including the same number of explanatory variables. On this 
basis, a model including age, the square of age and BSA (which were all strongly significant) 
has been selected for both AA and SoV. Since the variability around the regression function 
was not constant but slightly (and significantly) increased with age, we could not estimate the 
5% and 95% percentile curves based on the residual standard deviation of the regression. 
After having compared different possibilities to account for the age-dependent variability, we 
opted for the robust method described in Koenker and D'Orey, 15, 16 referred to as "regression-
percentile". 
Calculations have been carried out using the "rq" function available in the library "quantreg" 
of the statistical package R. To check our model, we calculated the empirical percentage of 
patients who were found outside the estimated 5% and 95% percentiles.  
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RESULTS 
From the eligible 1107 men and 1251 women aged 20 to 94 we excluded one man and three 
women due to extremely small body measurements. We also excluded all persons above the 
age of 80 (6 men and 13 women), as the results of this age group would not have been 
reliable. To avoid any potential confounding by patients’ cardiovascular comorbidities, we 
further excluded 285 men and 251 women with either diagnosed or suspected coronary artery 
disease, evidence of central or peripheral thrombo-embolic events and patients with systemic 
hypertension. We were left with a study population of 815 men and 984 women (1799 
patients). 61.4% of patients (1104) were seen in an outpatient clinic setting, 38.6 % (695) 
were inpatients. Table 1 summarizes the main indications for echocardiography. The clinical 
and echocardiographic characteristics of the study population are shown in Table 2.  
Linear regression of all variables showed that both SoV and AA best correlated with age 
(Table 3). Height showed poor correlation with AA and SoV due to the confounding role of 
age (negative correlation between height and age: R = -0.22 in men and -0.23 in women).   
Average norm values for the dimensions of AA and SoV were calculated using multiple 
regression. Men and women were tested separately in fourteen models. Table 4 provides the 
percentage of variance R2 explained by each model. In line with linear regression, age was the 
most important predictor of SoV and AA dimensions. The highest explained variances were 
obtained by models using age, square of age and BSA (for SoV and AA in men and AA in 
women) and using age, square of age and height (SoV in women). R2 of height differed 
insignificantly from R2 of BSA for SoV in women. To remain consistent, we used BSA for all 
further calculations. According to the explained variances, we calculated gender-, age- and 
BSA specific 5th and 95th percentiles for the AA and for the SoV using equation  (1):  
 
(1) :  (α) + (β*Age) + (γ*Age2) + (δ*BSA) = 5th and 95th percentiles, respectively,  
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with α being the intercept and β, γ and δ representing the respective coefficients (Table 5).  
Figures 2-5 demonstrate the reference values of the 5th and 95th percentiles of AA and SoV 
separately for men and women, using typical values for BSA. The indicated BSA ranges 
covered 87% of our male and 86% of our female patients. Due to the inclusion of  (γ*Age2) in 
equation (1), the ascent of the upper and lower limit flattens with increasing age.  
We examined the relationship between size of the SoV and the AA. The correlation was r= 
0.66 (p < 0.001) in men and 0.64 (p < 0.001) in women. Figure 6 shows the boxplot of 
diameter differences between SoV and AA. The mean difference was significantly (p <0.001) 
bigger in men (0.19cm, 95% CI of 0.16-0.20) than in women (0.08cm, 95% CI of 0.05-0.09). 
A non-negligible proportion of persons showed a negative difference (19% in men, 30% in 
women), indicating that the dimension of the AA was larger than that of the SoV. This was 
more likely in older patients as we found a negative correlation with age (R = -0.31 for men 
and -0.29 for women).  
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DISCUSSION 
Principal findings 
In our study of the dimensions of SoV and AA of a mixed population with normal 
echocardiographic findings of the heart we were able to calculate 5th and 95th percentile 
curves of the normal size of both the SoV and the AA from age 20 through 80 separately for 
men and women. Overall, the mean SoV diameter was 3.4cm in men and 3.1cm in women, 
mean values for the AA were 3.2cm and 3.0cm respectively. Testing 14 different models we 
found that the dimensions of the AA and the SoV can best be characterized using the 
variables age, square of age and BSA. We also found that the dimension of the SoV was in 
general larger than that of the AA. The size differences between SoV and AA were 
significantly smaller in women than in men and showed a negative correlation with age both 
in men and women. 
 
Comparison with previous studies 
Ascending aorta:  
Although TTE is an established and widely accepted method for assessing the size of the AA, 
literature on age related TTE reference values for the AA is scarce. Our study contains the 
largest population studied to date for AA diameters measured by TTE. Values published 
earlier on are difficult to compare to ours due to small sample size, 9 difference in age and 
selection criteria of the study population17 or used technique. 18  
In our population we found a faster progression of growth of the AA in younger age than in 
the elderly, best represented in a formula including age in square. Studies published so far 
have used linear calculation models to predict the upper normal limit of either SoV10 or 
AA.18,19 Yet considering the two major changes of the aorta with age, dilation and 
stiffening,20 it seems unlikely that the aorta grows on a linear axis. Our data rather suggest 
that dilation is the main change early in adulthood (when elastic lamellae are mainly intact 
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and collagen fibers relatively sparse), whereas later in life growth of the AA is limited by 
stiffening (due to increase in collagen fibers and mucoid material).  
The upper normal values of the diameter of AA are of interest given the potential risk of 
dissection or rupture of the dilated AA and hence for the consideration of elective aortic 
replacements. The current consensus recommends surgery once the ascending aortic diameter 
reaches an absolute value of 5.5 cm for non-Marfan  patients. 5 From our data we can 
conclude that AA dimensions of ≥ 4.6cm (men) or of ≥ 4.3cm (women) are abnormal in the 
vast majority of our population. More importantly however, already smaller AA dimensions 
can be considerably above the upper norm, as the range of normality in our patients mainly 
depended on age and BSA. Pape et al.6 demonstrated in a recent study that indeed already an 
ascending aorta diameter of < 5.5 cm may hold a significant risk for complications. They 
studied the AA dimensions of patients presenting with type A aortic dissection and found that 
at the time of dissection, the AA measured < 5.5 cm in 59% and < 5 cm in 40% of patients. 
By the absolute number of AA diameter alone, most of their patients did not meet the criteria 
for elective surgery and yet developed aortic dissection. Considering the high mortality rate of 
aortic dissection, future studies should concentrate on more reliable predictors of aortic 
dissection than absolute size of AA.  It might prove relevant to put the absolute size in 
perspective to gender, age and BSA.   
 
Sinus of Valsalva 
To date only one large study has been published with age related TTE reference values for 
SoV. 10 The authors reported dimensions of the SoV that were 2 and 3mm smaller than ours 
for men and women respectively. They used a linear equation depending on age and BSA, 
whereas we found a significant benefit when adding age in square.  The reason for the 
difference in size might be found in the different population under study. 21, 22  
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Difference between dimensions of SoV and AA 
Few authors have addressed this question in comparable studies. In our large study population 
we could demonstrate that age has the greatest influence on diameter, and more so in the AA 
than in the SoV. The reason for the slower dilation rate of the SoV compared to the AA must 
remain speculative. Lower tendency to dilate due to differences in wall structure and 
geometry are likely, yet comparing histological studies are missing. Agmon et al 18 found 
comparable results to our study (bigger SoV-AA differences in men than in women, and 
smaller or reversed difference with higher age). Roman et al 9 reported slightly larger 
differences (0.4 cm in men and 0.3 cm in women, no evaluation over lifetime documented). 
 
Influence of systemic hypertension  
The influence of hypertension on diameter of thoracic aorta has been studied widely at the 
level of SoV and somewhat less at the level of AA. Results so far have been conflicting. 9, 11, 
17, 23-27 In our study, the exclusion of patients with systemic hypertension led to clinically 
irrelevant differences in the 95th percentile curves (range of 0.2mm). There is also little 
evidence that arterial hypertension has a significant effect on enlargement rate of aneurysms 
of the AA. 28, 29 On the other hand, arterial hypertension has been identified as a risk factor for 
dissection or rupture of aneurysms of a diameter of less than 5.5cm. 6 In view of the present 
study as well as today’s literature the role of systemic hypertension in altering the dimension 
of the AA and the SoV remains to be defined.  
 
Limitations 
Defining normality in medicine remains challenging, and three crucial points have to be 
addressed. First, normality harbors racial aspects. 27 Our database did not cover information 
on racial background (the majority of the Swiss population being Caucasian). This limits the 
use of our results throughout the world. Second, ‘normal’ in medical terms may stand for the 
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absence of disease. Using such a rigorous definition, normality would become a rare 
condition in the elderly. Our study population reflects daily clinical routine at a Swiss 
university hospital, including healthy persons as well as very sick individuals. Our reference 
values are therefore very useful for this specific setting, however they do not represent 
normality when defined as absence of disease. Third, due to the retrospective design of the 
study we cannot report on a prospective validation of our reference values for AA.  
Timing and method of measuring the SoV and the AA may limit the applicability of our data 
to patients elsewhere. Currently there are no recommendations regarding timing or the aortic 
measurements.13 From the study of Sahn et al 14 we know that measuring in end systole (our 
study) or end diastole  (Vasan et al 10) leads to comparable results.  The current chamber 
quantification guidelines favor two-dimensional (2D) over M-mode measurements of AA and 
SoV. 13 The guidelines are based on the study of Roman et al. 9 who reported a systematic 
SoV underestimation of about 2mm when measuring by M-mode compared to 2D 
echocardiography. The authors make the cyclic heart motion responsible for the smaller M-
mode measurements. In our experience, this is of lower importance in the less complex 
anatomy of the AA compared to the SoV. In our daily practice the use of inner edge to inner 
edge technique results in measurements of SoV and AA that are approximately 2mm smaller 
compared to the leading edge technique (our study), irrespective of the mode of measurement. 
Unfortunately to date no single study addressed these differences in timing and method. Yet, 
the consideration of age and BSA along with consistent and reproducible measurements is 
probably of greater clinical importance for the patient than timing and mode of measurements.  
 
Conclusion 
Based on a large study population, we calculated 5th and 95th percentile curves of the normal 
size of both SoV and AA for age 20 through 80 separately for men and women. The normal 
dimensions of the AA and the SoV showed a strong correlation with age, square of age and 
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BSA. The dimensions of the SoV were larger than those of the AA, the difference between 
SoV and AA negatively correlated with age.  Our findings stress the importance of indexing 
dimensions of the SoV and the AA to age and body surface area separately for men and 
women. 
 
  13 
Acknowledgments:   
We would like to thank the echo team for providing and reading the studies. We are indebted 
to Sandra Laederach Biaggi for proofreading the manuscript.
  14 
 REFERENCES 
 
1. Davies RR, Goldstein LJ, Coady MA, Tittle SL, Rizzo JA, Kopf GS, et al. Yearly rupture 
or dissection rates for thoracic aortic aneurysms: simple prediction based on size. Ann 
Thorac Surg 2002;73(1):17-27. 
2. Davies RR, Kaple RK, Mandapati D, Gallo A, Botta DM, Jr., Elefteriades JA, et al. Natural 
history of ascending aortic aneurysms in the setting of an unreplaced bicuspid aortic valve. 
Ann Thorac Surg 2007;83:1338-44. 
3. Elefteriades JA. Natural history of thoracic aortic aneurysms: indications for surgery, and 
surgical versus nonsurgical risks. Ann Thorac Surg 2002;74:S1877-80. 
4. Davies JE, Sundt TM. Surgery insight: the dilated ascending aorta--indications for surgical 
intervention. Nat Clin Pract Cardiovasc Med 2007;4:330-9. 
5. Ergin MA, Spielvogel D, Apaydin A, Lansman SL, McCullough JN, Galla JD, et al. 
Surgical treatment of the dilated ascending aorta: when and how? Ann Thorac Surg 
1999;67:1834-9. 
6. Pape LA, Tsai TT, Isselbacher EM, Oh JK, O'Gara P T, Evangelista A, et al. Aortic 
diameter >or = 5.5 cm is not a good predictor of type A aortic dissection: observations 
from the International Registry of Acute Aortic Dissection (IRAD). Circulation 
2007;116:1120-7. 
7. Francis GS, Hagan AD, Oury J, O'Rourke RA. Accuracy of echocardiography for assessing 
aortic root diameter. Br Heart J 1975;37:376-8. 
8. Cassottana P, Badano L, Piazza R, Copello F. [Dimensions of the proximal thoracic aorta 
from childhood to adult age: reference values for two-dimensional echocardiography. 
Ligurian Group of SIEC (Italian Society of Echocardiography)]. G Ital Cardiol 
1997;27:686-96. 
  15 
9.   Roman MJ, Devereux RB, Kramer-Fox R, O'Loughlin J. Two-dimensional 
echocardiographic aortic root dimensions in normal children and adults. Am J Cardiol 
1989;64:507-12. 
10. Vasan RS, Larson MG, Benjamin EJ, Levy D. Echocardiographic reference values for 
aortic root size: the Framingham Heart Study. J Am Soc Echocardiogr 1995;8:793-800. 
11. Vasan RS, Larson MG, Levy D. Determinants of echocardiographic aortic root size. The 
Framingham Heart Study. Circulation 1995;91:734-40. 
12. Du Bois D, Du Bois E. A formula to estimate the approximate surface area if height and 
weight be known. Arch Intern Medicine 1916;17:863-71. 
13. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, et al. 
Recommendations for chamber quantification. Eur J Echocardiogr  2006;7(2):79-108. 
14. Sahn DJ, DeMaria A, Kisslo J, Weyman A. Recommendations regarding quantitation in 
M-mode echocardiography: results of a survey of echocardiographic measurements. 
Circulation 1978;58:1072-83. 
15. Koenker R, D'Orey V. Algorithm AS 229:  computing regression quantiles. Appl Stat 
1987;36:383-393. 
16. Koenker R, D'Orey V. Remark AS R92: a remark on algorithm AS 229: computing dual 
regression quantiles and regression rank scores. Appl Stat 1994;43:410-414. 
17. Kim M, Roman MJ, Cavallini MC, Schwartz JE, Pickering TG, Devereux RB. Effect of 
hypertension on aortic root size and prevalence of aortic regurgitation. Hypertension 
1996;28:47-52. 
18. Agmon Y, Khandheria BK, Meissner I, Schwartz GL, Sicks JD, Fought AJ, et al. Is aortic 
dilatation an atherosclerosis-related process? Clinical, laboratory, and transesophageal 
echocardiographic correlates of thoracic aortic dimensions in the population with 
implications for thoracic aortic aneurysm formation. J Am Coll Cardiol 2003;42:1076-83. 
  16 
19. Hannuksela M, Lundqvist S, Carlberg B. Thoracic aorta--dilated or not? Scand 
Cardiovasc J 2006;40:175-8. 
20. O'Rourke MF, Hashimoto J. Mechanical factors in arterial aging: a clinical perspective. J 
Am Coll Cardiol 2007;50:1-13. 
21. Dawber TR, Meadors GF, Moore FE, Jr. Epidemiological approaches to heart disease: the 
Framingham Study. Am J Public Health Nations Health 1951;41:279-81. 
22. Kannel WB, Feinleib M, McNamara PM, Garrison RJ, Castelli WP. An investigation of 
coronary heart disease in families. The Framingham offspring study. Am J Epidemiol 
1979;110:281-90. 
23. Dunn FG, Chandraratna P, deCarvalho JG, Basta LL, Frohlich ED. Pathophysiologic 
assessment of hypertensive heart disease with echocardiography. Am J Cardiol 
1977;39:789-95. 
24. Pearson AC, Gudipati C, Nagelhout D, Sear J, Cohen JD, Labovitz AJ. Echocardiographic 
evaluation of cardiac structure and function in elderly subjects with isolated systolic 
hypertension. J Am Coll Cardiol 1991;17:422-30. 
25. Reed CM, Richey PA, Pulliam DA, Somes GW, Alpert BS. Aortic dimensions in tall men 
and women. Am J Cardiol 1993;71:608-10. 
26. Savage DD, Drayer JI, Henry WL, Mathews EC, Jr., Ware JH, Gardin JM, et al. 
Echocardiographic assessment of cardiac anatomy and function in hypertensive subjects. 
Circulation 1979;59:623-32. 
27. Virmani R, Avolio AP, Mergner WJ, Robinowitz M, Herderick EE, Cornhill JF, et al. 
Effect of aging on aortic morphology in populations with high and low prevalence of 
hypertension and atherosclerosis. Comparison between occidental and Chinese 
communities. Am J Pathol 1991;139:1119-29. 
  17 
28. Bonser RS, Pagano D, Lewis ME, Rooney SJ, Guest P, Davies P, et al. Clinical and 
patho-anatomical factors affecting expansion of thoracic aortic aneurysms. Heart 
2000;84:277-83. 
29. Dapunt OE, Galla JD, Sadeghi AM, Lansman SL, Mezrow CK, de Asla RA, et al. The 
natural history of thoracic aortic aneurysms. J Thorac Cardiovasc Surg 1994;107:1323-
32. 
 
 
  18 
Figure legends 
 
Figure 1:  
Title: Exact sites of diameter measurements of sinus of Valsalva and ascending aorta. 
Legend: At the indicated sites, M-mode tracings were performed and diameters measured in a 
leading edge to leading edge technique. SoV, sinus of Valsalva; AA, ascending aorta; RV, 
right ventricle; LV, left ventricle; LA, left atrium; RPA, right pulmonary artery; DA, 
descending aorta. 
 
Figure 2: 
Title: 5th and 95th percentiles for dimensions of sinus of Valsalva in men. 
Legend: Diameters are measured in cm. Each line represents a BSA-specific curve.  
 
Figure 3: 
Title: 5th and 95th percentiles for dimensions of ascending aorta in men. 
Legend: Diameters are measured in cm. Each line represents a BSA-specific curve.   
 
Figure 4: 
Title: 5th and 95th percentiles for dimensions of sinus of Valsalva in women. 
Legend: Diameters are measured in cm. Each line represents a BSA-specific curve.  
 
Figure 5: 
Title: 5th and 95th percentiles for dimensions of ascending aorta in women. 
Legend: Diameters are measured in cm. Each line represents a BSA-specific curve.   
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Figure 6:  
Title: Boxplot of diameter differences between sinus of Valsalva and ascending aorta in men 
and women. 
Legend: Median diameter of SoV was bigger than median diameter of AA by 0.2 cm in men 
and by 0.1 cm in women (mean diameter differences: men 0.18 cm, women 0.06cm).  
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Table 1   Indications for Echocardiography in 1799 patients 
 
Men (815) 
 
Women (984) 
 
    n % n % 
Heart (evaluation of suspected disorder) 
 
340
 
41.7 
 
444 
 
45.1
 
- Cardiac murmur  (valve disease) 
 
65
 
8.0 
 
146 
 
14.8
 
- Chest discomfort or dyspnoe (structural  
   abnormality) 
 
80
 
9.8 
 
107 
 
10.9
 
- Rhythm disorder  (structural abnormality)  
 
159
 
19.5  
 
168 
 
17.1
 
- Pericarditis/Myocarditis (pericardial effusion) 
 
32
 
3.9 
 
11 
 
1.1
 
- Congestive heart failure (LVEF) 
 
4
 
0.5 
 
12 
 
1.2
 
Malignancy (general evaluation before potentially cardiotoxic 
chemotherapy) 
 
163
 
20.0 
 
186 
 
18.9
 
   - Lymphoma/Leukaemia 
 
141
 
17.3 
 
113 
 
11.5
 
   - Solid tumour 
 
22
 
2.7 
 
73 
 
7.4
 
Pre-Transplantation (general evaluation) 
 
140
 
17.2 
 
136 
 
13.8
 
   - Candidate for transplantation 
 
79
 
9.7 
 
37 
 
3.8
 
   - Potential living organ donor 
 
61
 
7.5 
 
99 
 
10.1
 
Rheumatic disorder (pericardial effusion, PH) 
 
20
 
2.5 
 
87 
 
8.8
 
Fever/systemic infection (valve vegetations) 
 
46
 
5.6 
 
29 
 
2.9
 
Lung disease (PH) 
 
14
 
1.7 
 
13 
 
1.3
 
Multiple sclerosis (evaluation before Mitoxantrone therapy) 
 
9
 
1.1 
 
21 
 
2.1
 
study protocol patients (general evaluation) 
 
22
 
2.7 
 
13 
 
1.3
 
Others 
 
61 7.5 55 5.6
    
 
Indications included suspected or proven disorders as well as clinical symptoms. In brackets:  
 
main clinical question. LV, left ventricle; LVEF, left ventricle ejection fraction; PH,  
 
pulmonary hypertension. 
  21 
 
Table 2 Clinical and echocardiographic characteristics of study population 
Variable Men 
(n = 815) 
Women 
(n = 984) 
Age (years) 42.9 ± 13.6 45.0 ± 13.9 
Height (m) 1.77 ± 0.07   1.64 ± 0.07 
Weight (kg) 77.9 ± 12.3 63.7 ± 12.8 
Body mass index (kg/m2) 24.8 ± 3.7 23.7 ± 4.8 
Body surface area (m2) 1.95 ± 0.17 1.69 ± 0.16 
Sinus of Valsalva (cm) 3.4 ± 0.3 3.1 ± 0.3 
Ascending aorta (cm) 3.2 ± 0.4 3.0 ± 0.3 
Sinus of Valsalva,  
BSA indexed values (cm/m2) 
1.8 ± 0.2 1.8 ± 0.2 
Ascending aorta,  
BSA indexed values (cm/m2) 
1.7 ± 0.2 1.8 ± 0.2 
 
Table shows mean values ± 1 standard deviation.   
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Table 3 Correlations R between variables of body measurements, sinus of Valsalva and 
ascending aorta  
 
 Sinus of Valsalva Ascending aorta 
 men women men women 
Age 0.44 0.38 0.60 0.53 
Height 0.08 0.15 0.00 0.03 
Weight 0.26 0.28 0.27 0.34 
BSA 0.24 0.29 0.22 0.31 
BMI 0.24 0.22 0.30 0.32 
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Table 4 Multiple regression: percentage of variance R2 explained by different models  
 
Sinus of Valsalva Ascending aorta  
men women men women 
Age 18.472 15.447 38.335 28.479 
BSA 7.663 7.371 6.693 8.550 
BMI 5.952 3.589 10.171 8.696 
Weight 8.122 6.332 9.139 9.787 
Height 1.730 2.192 0.146* 0.178†
Age + BSA 25.225 20.907 43.819 34.272 
Age + BMI 20.379 16.155 41.067 30.834 
Age + Weight 23.835 
 
18.674 
 
43.374 
 
33.082 
 
Age + Height 23.327 
 
21.142 
 
40.995 31.082 
Age + Age2 
 
19.479 16.607 38.654‡ 29.180 
Age + Age2 + BSA 26.080 21.956 44.062 34.884 
Age + Age2 + BMI 21.371 17.281 41.375 31.487 
Age + Age2 + Weight 24.732 19.762 43.634 33.716 
Age + Age2 + Height 24.206 22.311 41.261 31.788 
All p-values associated to the last added term of the model compared to the previous one were  
 
significant ( all p < 0.01, for ‡ : p < 0.05), except for  * p = 0.276  and † p = 0.186. 
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Table 5 Coefficients for the 5th and 95th percentiles in the model using BSA 
 
5th percentile  
α β γ δ Percentage 
SoV, men 1.279 0.024  - 0.00014  0.486 95.09 
SoV, women 1.345  0.020 - 0.00014  0.448 95.12 
AA, men 1.058 0.021 - 0.00009 0.505 95.09 
AA, women 0.952 0.023 - 0.00012  0.525 95.12 
95th percentile  
α β γ δ Percentage 
SoV, men 2.250  0.023    - 0.00014 0.486 5.15  
SoV, women 2.145  0.021 - 0.00014  0.448  5.08 
AA, men 1.691 0.028 - 0.00009 0.505 5.15 
AA, women 1.614 0.028 - 0.00012 0.525 5.08 
Percentage: empirical percentage of observations outside the 5th and 95th percentile. α,  
Intercept; β, age-coefficient; γ, Age2-coefficient; δ, BSA-coefficient. 
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